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USE OF LXOGENOUS FURINES AND PURINE NUCLEOTIDES IN THL B-OSYNTHESIS
OF NUCLLIC ACIDS IN PLAGUE BACTERIA

Following ia the translation of an article by V. G.
layskly, Stavropl! Branch of the All-Union Scientifio=~
Research Antiplague Institute "Mikrob," published in
the Russilen~language periodical Voprosy Meditsinslo
Khimii (Froblems of Medical ChoﬁIstryi 4TIy, 1968,
Tages 46-53. It wes subuiiled on 20 May 1966ﬂJ7

. Yarious species of live cells differ significantly in their
eapacity for assimilation and inter-conversion of exogenous purines
and their derivatives ,g?, therefore the obtaining of data con-
cerning the peculiaritles of these processes in new objects 1s of
definite interest. The study of metabolism of purines in the plague
mirrcte 18 alse important hecause a number of investigators /3, é;u
connect the metebolism of ritrogenous beses in this microbe with

its viruleme.

‘The purpoae of the present investigation was oloaring up the
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capacity of the plague microbe for assimilatiom and inter-conversien .

of purines and purine nucleotidea in the process of bioeynthoaia of
nucleic aclds.

Methods of lnvestigation

The objezt of investigation was the plague microve, strain EV,
line NIILG.

Incubation was carried out on "whole" synthetic medium which
was proposed by I. V. Domaradskly and V. A. Ivanov /57, however the
concentration of amino acids was reduced by 10 times, which, as
special tests showed, did not have a significant influence on the
incorporation of labsl and the eccummlation of nuclelic acids in the
firat hours of growth,

Incubation was carried out at 28° under conditions of aeraticn
with intensive shaking. Seeding dose wss 1 « 109 miocrobial cells
inl ml.

Incubaticn time wae 4 hours. As it was eatablished carlier 6
by this time (end of the lag-phase of growth) the content of RNA
cella of the flague miorobe was approx‘mately doubled and the main
portion of HCL400Na label incorporated in the bacteria is revealed
in the nuclelo aocids,
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The radioactive substances used were: HC1400Na with a specifiso
activity of 43.8 and 48.3 uCi/g, 8-Cl% adenine 9.4 1/8s
8-C1% guauine 1.1 jaCi/g, cnd A-Cl4 xanthine 16 mCi/d.

Radlioactive substances and other additions were intrcauced into
the lncubation medium in the form of aqusous solutions in equimolec~
ular amounts (usually in the limits of 20 Fg/ml).

Tr- ccmaining mwcheds of investigation (obteining of bscterial
mass; iasolation of RNA and DNA, separation of mononucleotides of RNA

and nitrogenous bases of DNA, radiometry, etc.) were described
earlier .

Relative specific activity (RSA) of purines of freshly aynthe-
sized RNA (RSAr§ was oaloulated by the formula: :

RSA¢ =_€_3_.6.3 « RSA,

where ¢, &nd ¢ - content of RNA in cells of the plague microbe in the -
beginning and end of incubation resp tilvely.

Results of the lnvestigation

Purines and rurine nuclsotides which were introduced into the
incubation medlium, with the exception of guanine, had no significant
influence on the content of nucleic acids in cells of the plegue
microbe after 4 hours of cultivation. The quantity of RNA, which
comprised around 4% in the 1lnoculum, approximately dnubled over this
time and comprised €.4--8.3%, the qur atity of DNA was relatively
constant and compriged 2-«2.6% to the weight of dry bacteria. Vith

the addition of guanine the content of nucleic acids wae higher
(RNA 9.4%, DNA 2.6%).

Regardless of the radiocactive subatance uased the incorporation
of label in nucleiec e2zids 4n all cases comprised 55--80% of all the
activity revealed in baoterial cells. Of this around 10% was incore

porated in DNA.

Table 1 presents data on tha lnfluence of purines and purine
nucleotides on the incorporation ¢ HC1400Na in bacteriel cells and
purines of nucleic acids of the plague microbe. 1t was eatablished
earlier [%Z on this same object that incorporation of HC1400Na
characterizes  the synthesis of purines from simple compounds.

It 1s apparent from Table 1 that incorporation of Cl4 in sells
of bacteria which were inoubated on & medium without purines and their
derivatives 1ls propqptionnl %o the specifio astivity of the medium,
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Table 1

Influence of exogenous purines and puriie uucleotides on the insor=
poration of HCl400Na in bacterial cells and purinea of nuolaic

aclds of the plague misrobe
Y (5? - - ﬁ) ST
y Aebena A tptiu Siurepmh 'l:l
wepess | fo macwpafusy (l.l‘l:.[:-’, . AHX
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— 0,40 248 .4 58 |88 |2,15]2,0
Adennn 0,40 138,1 - 9.4 — 1.5
Tysumme . ., , 0,40 167,1 856 126 |23 o
< Tinoxeanrme 0,40 42,2 1,47 11,271 0,58 | 0,81
J Keanrnn 0,40 50,1 B 134 Jras)
_RAMO 0.40 171,06 18810,0 1003(11.,9
a0 . .., .. 0,40 200,9 50 16,1 |l1.¢ {113
T . ..., 0.40 184,1 24188 |08 1,8
14
| - 0. 187,17 164 |56 ls582)1,7 '
) & Cyswun . 0,7 93,0 40 11,728]12.0 ]| 0,87
i alMe [ %14 8.8 2.2 — 1087 —~
[ e _ . ., 0.7 125.0 ¢Ts a8 ]1,235]1.19
b .frro ..... o7 168.5 8.1 s8511.48] 1.6
|
\ -
I - 0,133 ne 28813.68{1.6 |18
Trnoncantrs 0,138 21,1 0.75{0.2¢10,21] 0.3
HM®, | .. 0,138 - 83,0 21 138 l188]{t,7-
SULS®, . . .. 0.133 8.4 2.63)25 |1,18)]1,%
THUTD , ., .. 0,138 0,8 2.1 1245)1092]) 1.8

RSA = Imgf’min s gamole of NA gfrine . 100.
Imp/min ° B’amole of hC140QNa

In this case th» calculation formila inocludes the coefficilent 2,

, since in the blosynthesis of one purine ring 2 molecules of formate
. participate /I7.

Key: (a) Addition to the medium; (b) Specific activity of medium

(in 1/ml); (c¢) Specific activity of bacteria (in imp/min  mg « 10-9);
(d) RSA; (e) RNA; (f) DNA; (g) adenine; (h) guanine; (i) hy?oxanthine;
(4} xantnine; (k) AMP; (1) ADP: (m) ATF; (n) GMP; (o) GDP; (p) GTP;

(qa) hypoxanthine; (r) IMP; (s) IDP; (t) ITP,

Exogenous purines (adenine, guanine, poxanthine , and xanthine)
considorably lowsr the incorporation of HC ONa in bacterial cells
of plague microbe. It is knmown tnat the "soreening"™ action of
axogenous purines on the de novo synthesis from labeled precurasors

can serve &8s a suffioclently reliab.e msthod for measurement of their
utilization /I/.
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As it follows from Table 1, the RSA values for purines of RNA
do not exceed 9,4%. Since freshly synthesized RNA in our tests
corprised approximately half of asll the RNA, then the quantity of
purines, synthesized de novo with the participation of HCl4uoNa, in
freshly formed RNA ccmprised no more than 2C%. The remaining share
of polynucleotide purines is apparently formed I{rom the intracellular
background of NA precursors,

Exogenous adenine completely suppresses the synthesis of adenine
from simpie compounds, however the osw growth of guanine continues
here evern more intensively. The addition of guanine suppresses the
de novo synthesis of purine by more than 2 times and the synthesis
of adenine from simple compounds 1s increased, These fects make 1t
poasible to assmume that in the miorobe under study a significant
inter-conversion of adenine and guanine does not take place.

Exogenous hypox&nthine lowers the syntheals of both purines from
simple compounds by more than 4-5 times, Apparently hypoxanthine
can be converted by the plague microbe into both purines of nucleic
acids at the same time that xanthine which is added 1s used yrimarlly
in the synthesis of guanine,.

: The action of AMP and ATP on the dlstribution of label betwsen
the purines of nucleic acids 1s analogous to the action of adenine,
but less effective., Exogenous AMP suppresses more considerably the
incorporation of adenine which is synthesized from simple compounds
in RNA adenine, and exogenous ATP - in DNA adenine.

Of the remaining purine nuolsotides only GMP iignifioantly
influences ths incorporation and distribution of C*+*-formate. The
data from Table 1 permit the assumption that exogenous GMP is used
not only in the synthesis of guanine, bit also of adenine.

FPor confirmmation of the positions gtated above axperiments wers
oarried out with radioactive purine bases.

With the addition of 8-Cl%4.adenine into the incubation medium
all the radioactivity, incorporated in the polynucleotlides of the
rlague microbe, is revealed only in the adenine of both nuclelc acidse.
"This feot is direct proof that the studled object cannot oconvert
exogenous adenine into guanine of polynucleotides.

In Table 2 data are given concerning the influence of iiogenoua
Purines and adenine nuclectides on the incorporation of 8-C+“=adenine
in baoterial cells and adenine of nucleic acids of the plague
microbe, From Tabls 2 it ocan be seen with dilution of labelled
adenins by 2 times correspondingly there 18 & deorease in the spe-
oific sotivity of baoteris amd adenine of nuolelc acids. This faot
indicates that in cells of the plague miorobe there is an absence of
or extremely small background of free adenine,

\

4o

—— R [ T e tiad e -




. ' Table 2

Influence of exogenous purines and purine nucleotides on the
assimilation of 8-Cl4.adenine by the plague microbe

: @ QA Caereput Ci;) oA s

: ! Roberns (v anm/Mun: ?—-1————@
N upeaa ,

e " wer=h 1 erorcon po| vt 2|
| -
]
| - 1.8 se |- 8043 8.2
| o o

. eHnw . . 26 2.3 49,3 3.
L - ?;.m - 155,1 us 71.4 12.5
| L Keanran . | 1004 358 87.8 e
= . d’ Iunoxcanzan - 1098 M7 75.3 A
- AMS . . 94.6 e 63.2 0
| Ane ... 148 - 0.3 85.0 o,
l mATS | 9.4 3.1 70,4 w0

RSA = _Imp/min « ole of nucleic acid adenine . 100°
: mp/min « ggmole of exogenous -adenine

B Key: (a) Addition to medium; (b) Specific activity of bacteria

(in imp/min « mg ¢ 10=3); (c¢) RSA of adenine; (d) of entire RNA;
(e) of synthesized RNA; (f) of entire DNA; (g) Adenine; (h) Guanine;
(1) Xenthine; (J) Hypoxanthine; (k) AMP; (1) ADP; (m) ATP,
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Exogenous guanine, w&ile not exerting a si::.ificant influence on
the incorporation of 8-Cl%4-adenine in bacteris and adenine of RNA,
increases its incorporation in adenins of DNA, Of the remalning
adgitiveg only AMP end ATP significantly lower the incorporation of
Cl4_gdenine in cells of the Plague miorobe and adenine of RNA.

Here, just as in the experiments with HC1400Na, ATP and AMP influence
the incorporation of adenine in RNA and DNA in a diverse manner.

Teble 2 also cites the values of RSA of adsnine of newly sya-
thesized RNA. It follows from these data that exogenous adenine in
cur experiments is the main source of adenine cf freshly synthesized
RNA. Thus exogenous adenine, being incorporated easily in the
adenine of nuolieic acids, almost completaly suppresses other routes

of synthesis of edenine of polynucleotides, including the use of
intracellular background of precursors.

in experiments wiih the addition of 8-Cl4-guanine it was estabe
lished that the latter is incorporated primarily in guenine of both
huclelc &0ids, Thus the specific aoctivity of DNA adenine is 10.6
times lower than the aotivity of DNA guanine. It follows from this
that the EV strauin of the plague misrobe only to an insignificant
degree transforms exogenous guan: ne to adenine, preferring to syn-
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thesize adenino from simple compounds or uaing the intracellular
background of its precursors,

Results of the vestigation of bacterial cells, inovbated in
the pressnce of g-cl ~xanthine, sonfirmsd the assumption that
xanthine is used primarily in the synthesis cof guanine (Table 3).

Table 3

Influence of additives on the assimilation of 8~Cl4=xanthine by
the plegue misrobe

i (9 @ (C) o
. 4D
Andssns u cpeas i - FiiK AHK :
: s l ‘Anuﬁnn acunn rynn’l
A - :::: 4.7 gg‘;o 1.08 :.;
MERE 00w e - v - .
ACyomme « oot s |i08]o0s] 80
g Cwoncmren . . ... . 8 -~ 118.7] — |48
XA L 45,7 — 8.7 — | 2.3
JLHA® oL 158 42|w2]|0 1.9

Imp/min - Aumole of purine of nucleic
= acids
imp/min o/unEIB of exogencus (l4-xanthire

e 100

y: (a) Additive to gedium' (b) Specific activity of bacteria

n imp/min o mg * 1079); ée RSA; (d) RNA; (e) DNA; (f) adenine;

; guanine; (h) Adenine; (1) Guanine; (Jj) lypoxenthine; (k) GMP;
IMP.

Ag it follows from Table 3, in adenine onlg 10«15% radioactivity
of purines of nucleic acids of &he plague microbe is detected, The

main portion of guanire of freshly synthesized nucleic acid may be
formed from exogenous xanthine, Adenine, hypoxanthine, and GMP
introduced into the medium of incubation completely suppress the
incorporation of xanthine in adenine of polynucleotides. Exogenous
guanine, hypoxanthlne, AND GMP aignificantly inhibit the utilization

of xanthine for the syntheslis of guenine of polynucleotides of the
Plague miorobe, -

IMP did not significantly lower the inccrporation both of
HCl400Na and xanthine in ocells and nucleic &oids of the plague microbe.
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Discussaion of Results

In the event of incubation of the plague microbe in 8 medium
which doss not ocontuin purine bases the aynthesis of these substances '
from simple oompoundu takes place., This is testifisd to by the '
incorporation of HCl400Na in the composition of both purines of
nucleic acids, However; by the end of the lag phass of growth the

- main source of purines is the intracellular background of their
precursora.

According to the arrangement of B'yukenen /7/, free purine
bases are not intermediste products from the blosynthesis of purines :
of nucleic acids. Nevertheless ln our experimenta, Jjust as in :
experiments with other objects, exogenous purines are incorporated
in the purinas of nucleotides easily, suppressing other paths of
synthesis of one or both purines of nucleic acids.

Exogerious adenine in cells of the vplague microbe suppresses
the conversion of hypoxanthine into adenine (or IMP into AWP),; but
not the formation of the common precursor of purlines of nucleic
acids, since with the presence of adenine in the madium the formation
of guanins from simple compounds and the intracellular background of
its presursors continues. Thls exampie testifles ;o the fact that
regulation of biosyntheasis of purines in the plagué mi~robe is rea-
1ized by means of suppression of tne reaction by its end product : ]
bused on the ; inciple of negative reversas bonde.

. In the object under study differences were clearly apparent in
the utilization of exogenocus puriue bases, For the EV strain of the
plague microbe the synthesls of purines of nucleic acids de novo
turned out to be preferable, and not the interconversion of adenine J

: and guanine. The lack of the ah1lity on the part of the plague

: microbe for the conversion of adenine to guanine and the waak con=

: version by i{ of guanine to adenine are essentlal differences between ]

B the objec: studied and other microorganisms studied [T, 2, 8-;97.

- Otrar suthors arrive at the conclusion concerning the absence
E In the pléf?e miorobe of the capacity to oxidize and deeamlinate
: 1

purlnes [I « At the same tim plegue microbe possesses the ability
to deaminate a number pyrimidines and their derivatives /11, 12/.

The absence of conversion of exogenous adenine to guanine, weak
oconversion of guanine to NA adenine, the absence or lnertness of
purine oxidase, etc. teatify to the fast that the collectioa of
enzymes taking part in the blosyntheals of nucleotides and nuclelc
acids in the objeot studied by us is more limlted in comparison with
a number of other microorganisms: E, ooli, S. typhl, L. ckgel; etc,

;

¢

E Burrows ‘/‘_8_7‘ considers independence on supply of exogenous
: purines as one of the faotora of plague microbe virulence.
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The fact that the plague microbe prefers to utilize sxcgenous
purines, and not the intracellular background of their precursors,
testifles that exogenocus purines may play an lmportant role in the
physlology of the plague miorobe,

L A

If the mechanism of essimilation of exogenous purines in cells
of the plague microbe is analogous to the mechanism established for
: cell-less systems /2, 13, 14/, then in cells of the plague microbe
: there should be a high degree of aotivity of the corresponding

pyrophosphorylases. However, it 1s not excludea that in an intact

miorobial cell other mechanisms of assimilatlon of exogenous purines
m\y exlet.

In etudying tho assimilation of purine nucleotides 1t is neces~
8.ry to consider the presence of the intracellular background of
these compounds /I5, 16/, and also the fact that not all exogencus
sulbatances can penetrate through the cell membranes.

Diffarences in the incorporation of AMP and ATP in RNA and DNA
* are apparently explained by their different capacity to convert
into droxyribonucleotides,

-Conclusicns . /
A< The plagus microbe {EV strain), in spite of the capacity
to synthesize purines de novo and the presence in the cells of &
‘ background of prepursors of purines of nucleic acids, readily in-
! corporates exognhncus purines into the polynucleotides; these are
adenine, guanine, hypoxanthine, and xanthine. All or almost all
the adenine cf freshly syntheslzoed nucleic acids is formed from
exogenous adenine., Exogencus xanthine may be the main source of
guanline of nucleic acids.
£+ The plague microbe does not possess the capacity to con-
vert exogenous adenine to guanine and weekly convorts exogenous
guanine to adenine of polynucleotildes.
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